Introduction
Mycophenolic acid (MPA) is an immunosuppressant drug that has been widely and successfully used in transplant recipients as well as in patients with immune disorders.
1-2 MPA is administered as either an ester prodrug or a sodium salt and is extensively metabolized by UDP-glucuronosyltransferases (UGTs) to two glucuronidated metabolites. Mycophenolic acid (MPA, Figure 1 ) derivatives (Cellcept® or Myfortic®) choice in renal transplantation in combination with a calcineur in inhibitor and steroids. 3 Their introduction in clinical medicine represented an advance because they improve graft survival rates. Optimal use of these new immunosuppressive drugs requires knowledge of their pharmacobiology. For example, presystemic hydrolysis of Cellcept® and by systemic esterases release MPA, the active compound. 4 MPA is bound to albumin. The ratio between the free and bound components is affected by a variety of conditions including renal insufficiency and concomitant cyclosporin, tacrolimus or steroid therapy. [4] [5] [6] These variables are commonly present in transplant patients, a situation that argues for monitoring of MPA level. There are more evidences to suggest that the measurement of MPA plasma concentrations. Several HPLC methods have been developed for the determination of MPA in human plasma.
7-16 Some of these methods permit quantitation of MPA and its glucuronide metabolite. [11] [12] [13] [14] Those methods require the use of gradient elution system, 8,10,16 use of more than one stationary phase 13 or application of tedious sample extraction procedures. 8, 11 More sensitive methods for MPA assay in plasma have been developed, but they used liquid chromatography with tandem mass spectrometry. [17] [18] In this paper, we describe the development, optimization and validation of simple, and sensitive HPLC-UV detection method for the assay of MPA in human plasma. Furthermore, we demonstrate the application of this method to quantify MPA levels in human plasma following the oral administration of one single dose of 500 mg Cellcept. The distinct advantages of this method over other reported methods include its simplicity, inexpensive and the method's reproducibility. 
Materials and Methods

Materials
Cellcept test capsules (Zahravi), cellcept reference capsules (Roche) and MPA reference standard (99.9% purity) were supplied and identified by Roche. Other chemicals and solvents were from chemical lab or HPLC purity grades, whenever needed, and were purchased locally. Drug-free human plasma was provided by Iranian Blood Transfusion Organization after routine safety evaluations.
Instrument and HPLC method
The HPLC system consisted of pump (KNAUER, model 1000, Germany), a variable wavelength UV detector (KNAUER, model 2800(DAD), Germany) used at a wavelength of 304 nm with the outputs recorded and analysed using a compatible software (ChromGate, KNAUER, Germany). The drug separation was achieved using a C8 analytical column (250mm×4.6mm, particle size 5µm; Perfectsill, MZ-Analysen technik, Germany) equipped by a guard column of the same packing. The mobile phase was consisted of 0.1M triethylammonium phosphate (pH=5.4)-acetonitril (65:35, v/v) with a flow rate of 1.5 ml/min. Sample injection to system (100µl) was made by a loop.
Standard preparation
A stock solution of 100 µg/ml MPA in methanol was prepared, from which the concentrations of 10, 5, 7, 2.5,1,0.5 and 0.2 µg/ml were prepared by serially diluting this solution with the proper amount of methanol. A series of spiked plasma samples with MPA concentrations of 10, 5, 7, 2.5,1,0.5 and 0.2 µg/ml were prepared by 1:10 dilution of the described solutions with drug-free human plasma.
Assay procedure
To 500µL calibration standards, QC samples, or plasma samples, 12µL perchloric acid (HClO4 75% aqueous solution) and 400 µL methanol and 100 µL acetonitrile were added. The mixtures were vortex mixed for 20 s. After centrifugation at 15 000×g in an eppendorf microcentrifuge tubes for 20 min, 100µL of the supernatant was injected directly onto the analytical column for immediate HPLC analysis.
Analysis Validation Tests Standard curve (Linear range)
The plasma samples with a series of known concentrations, prepared as described, were analyzed in three separate runs and, in each case, the linear regression analysis was carried out on known concentrations of MPA against the corresponding peak heights and, then, the regression coefficient (r), slope, and y-intercept of the resulting calibration curves were determined.
Within-run variations
In one run, three samples with concentrations of 10, 5, and 0.2 µg/ml (from high, middle, and low regions of the standard curve) were prepared in triplicate and analyzed by developed HPLC method. Then, the coefficient of variations (CV %) of the corresponding determined concentrations were calculated in each case.
Between-run variations
On three different runs, samples from upper, intermediate, and lower concentration regions used for construction of standard curve (the same as within-run variations test) were prepared and analyzed by HPLC method. Then, the corresponding CV% values were calculated.
Absolute recovery (accuracy)
For each sample tested for within-and between-run variations, the absolute recovery of the method was determined as the percent ratio of the measured concentration (determined using standard curve) to the corresponding nominal added concentration.
Relative recovery (matrix effect)
Three samples with concentrations of 10, 5, and 0.2 µg/ml (from high, middle, and low regions of the standard curve) were prepared in triplicate and analyzed by developed HPLC method. Then, the ratio of the recorded peak heights to the peak heights resulted from the direct injection of the aqueous solutions of MPA with the same concentrations were determined as percentage in each case.
Limits of detection and quantitation
Limit of detection (LOD) of the method was determined as the lowest MPA concentration producing a signal-tonoise (S/N) ratio of about 3. Limit of quantitation (LOQ) was determined as the lowest MPA concentration capable of being quantitated with enough accuracy and precision.
Clinical study design
Twelve male subjects were enrolled in a randomized, two-treatment, two-period, single-dose crossover study with a week washout between the first dosing in period I and the first dosing of period II. Single dose study Subjects fasted from the night before dosing until 2 h after dosing for each session. 
Results and Discussion
Method Development
Considering the complex biological matrix of the samples to be analyzed and the nature of the method to be used for drug assay, the method development efforts were made in two different areas of sample preparation and analyte separation which are discussed in detail in the following sections:
Sample preparation
Protein precipitation was necessary and important because this technique can not only purify but also concentrate the sample. Methanol, percholeric acid and acetonitrile were all attempted and acetonitrile: percholeric acid: methanol (75:5:20 v/v/v) was finally adopted because of its high extraction efficiency and less interference. Precipitation with and without adding 0.1M NaOH (100 µl) were both tried, and obvious differences were not observed, so the precipitation using acetonitrile without adding 0.1M NaOH was used at last.
Analyte separation
In response to lack of an available, reliable, and easy-touse analysis method for MPA assay in plasma as an essential part of pharmacokinetic and bioequivalence evaluation projects on the drug we developed a simple and available HPLC method with UV detection based on the available equipments found in most pharmaceutical laboratories. To this end, initially a series of isocratic as well as gradient conditions using different usual mobile phase compositions, polarities, ionic strengths, and pH values were tested in order to determine the best condition for the analyte separation. Typical chromatograms produced from the developed method are shown in Figure 2 .
Method validation tests Linearity
The method produced linear responses throughout the MPA concentration range of 0.2-10 µg/ml, which is suitable for intended purposes. A typical linear regression equation of the method was: y = 8.5523 x + 0.094, with x and y representing MPA concentration (in µg/ml) and peak height (in arabitiary units), respectively, and the regression coefficient (r) of 0.9816. 
Within-run variations and accuracy
The within-run variations of the developed HPLC method as well as the corresponding absolute recoveries are shown in Table 1 . 
Between-run variations and accuracy
The between-run variations of the developed HPLC method as well as the corresponding absolute recoveries are shown in Table 2 .
Relative recovery
The relative recovery of MPA using the developed assay method is shown in Table 3 . 
Limit tests
The limits of detection (LOD) and quantitation (LOQ) of the method were 0.05 and 0.2 µg/ml, respectively. In general, the results of the validation tests indicated that the developed method has a remarkable degree of accuracy, repeatability, reproducibility, and recovery with application limits being in the desired range for routine applications.
Bioequivalence Study
The comparative pharmacokinetic profiles of MPA following the oral administration of 500 mg capsules of test and reference products are shown in Figure 3 . Also, the primary and secondary pharmacokinetic parameters of the individual volunteers are shown in Table 4 and Table 5 respectively. These collections of data, while indicating the bioequivalence of these two products, which is out of the scope of the present article, clearly show the practical applicability of the developed method in a real clinical study and these data showed that the method can be applied throughout the in vivo pharmacokinetic studies on MPA products.
Conclusion
A simple HPLC method was developed and validated for MPA assay in plasma. The plasma preparation for analysis consisted of a Protein precipitation method. The validation tests on the developed method indicated acceptable degree of linearity, sensitivity, precision, accuracy and recovery for the method. The method was used successfully for quantitation of MPA in plasma samples of healthy volunteers throughout a bioequivalence study. System suitability tests showed that the developed method is of appropriate separation efficiency and peak shape. 
